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Transverse orbit feedback at APS

= Three types of transverse orbit feedback:

“DC” orbit control

* Runsin the Datapool I0OC (iocsbpmdp) connected to RTFB Reflective Memory Loop

e (Can use all correctors and bpms
— “Real-Time” Feedback consists of 21 crates (1 master and 20 slaves)

e Uses 160 bpms and 38 “Fast” correctors

— Fast Correctors are mounted on stainless steel vacuum chambers
» “Slow” correctors are mounted on aluminum vacuum chambers

e “AC” coupled;i.e, does not correct down to DC
— Transverse Bunch-to-Bunch feedback (“PO feedback”)

e Corrects a transverse instability at large bunch current
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RTFB Overview

Reflective Memory Ring
Y 29.5 Mbytes/sec

Sector 40

21 Feedback IOCs
20 Slaves
1 Master
! + Datapool 4
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Real-Time Feedback System Functions/Features

= |mplements Feedback to reduce “Fast” orbit motion

= Provides data acquisition and processing for narrow-band BPMs (Bergoz) and X-
ray BPMs
= Candrive all 640 SR correctors
— For Orbit control

=  Computes RMS beam motion from P2 or PO bpms
— PO (ID chamber mounted BPMs typically used)

= Provides Beam diagnostic features:

— DSP Scope

e 40 channels
e Captures time records at feedback sample rate of any feedback system data

— ACVoltmeter
e Performs Fast FFT at a single frequency on 360 RF BPMs

— Corrector Error/Drive Stats

Feed-Forward to correct for Septum Injection Transients

Open loops at settable corrector drive limit
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Real-Time Feedback System Functions (Cont.)

= Provides Feedback System Diagnostics
— DSP Heartbeats
— Reflective Memory Status
— Dynamic Reflective Memory Testing
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RTFB Facts

The fast feedback system consists of 21 IOCs
— 20 “Slave Crates (iocs1fb, iocs3fb ...... iocs39fb)
— 1 Master Crate (iocs40fb)

= The correction algorithm uses 160 BPMs and 38 correctors per axis
— Correctors used are mounted on stainless steel vacuum chambers — A:H3s and A:V3s

= The Horizontal and Vertical planes operate at the same sampling rate but are
independent calculations. (Separate DSP for each plane (HDSP, VDSP))

= Each feedback slave crate handles a double sector with 2 horizontal and 2 vertical
correctors.

= The sampling frequency (iteration rate) is 1.534 kHz (actually a submultiple of the
storage-ring revolution frequency.)

= BPMs Available to RTFB (per axis)
e 280 RF Monopulse
e 150 RF Narrowband
e 701D x-ray
e 70 BM x-ray (y-axis Only)
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RTFB VME Node
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RTFB 10C
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Reflective Memory

= Also known as Replicated Memory

= Each participant in the reflective memory network has a reflective
memory module.

= Each module can be written and read as simple memory
=  Property:

— Anything written to a location in one reflective memory module

appears (after a loop transit time) in the same location in all attached
modules.

— Transfer rate 29.5 Mbytes/second

= All Nodes see the same memory image
= Designed for Real-time Performance — Latency is minimized
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Reflective Memory Contents

= 460 Xand 530Y bpm position values
— 280 monopulse RF BPMs
— 150 narrow-band BPMs
— 701D x-ray BPMs
e Not all physically installed
— 70 BM x-ray BPMs (Y only)
e Not all physically installed
= 320 Horizontal plane and 320 Vertical plane corrector set points
— Actually only 317 physically exist in each plane
= 160 element (per axis) bpm vector for feedback
= 160 Real-Time feedback x and y bpm set points

= Global Control Parameters
— Sampling Rate
— PID Gains
— Low-Pass, High-pass filter cutoff frequency
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RTFB Top Level Screen

SrFdBKTop.adl
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Main Control Screen

SrEdbkGbhlCont.adl
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RMS Motion Screen

SrEdbkGbIRMSMotion.adl
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RMS Motion Calculation

SrEdbkGhIRMSMotionCont.adl
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RMS Motion

SrFdbkRMSvYector.adl

APS Real-Time Feedback System: BNL 8/12/2010, F. Lenkszus

SrFdbkRMSvYector.adl

17



Ty

Feed Forward Waveforms

Srid bkHfeed ForwardDrive.ad|
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RTFB Diagnostics
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RTFB Node Control Screen
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Feedback Iteration Clock and DSP Heartbeat
Monitoring

SrFdbklLostClks .adl

Missing Clock Detector in
Hardware

Srid bkGhiHeartBEeat.adl

Each DSP increments a counter

. .
in Reflective Memory
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Reflective Memory Monitoring

SrFd bkRefmStat.adl
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Corrector Stats

Sector Humber

Sector Humber

Orbit Feedback Status WS

Orbit Feedback Horizontal Drive Stolew

SrEdbkCorErrDrv.adl
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BPM Error Screen

Recorded by
DSPs for each
BPM used in
feedback.
Circular
buffers hold
the last 128
samples
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Corrector Error Screen

SrEdbKCorErrHistory.adl

Recorded by
DSPs for each
Corrector
used in
feedback.
Circular
buffers hold
the last 128
samples
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Trigger Sources
Freerun

H Loop Trip

V Loop Trip
HorV Loop Trip
MPS Trip

Any Channel
Injection
External Trigger
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Available Sources (From Reflective Memory)
X/Y RF Bpm Position

X/Y Bpm Error

ID X-Ray BPM X/Y Position

BM X-Ray BPM Y Position

ID/BM X-Ray BPM Blades

H/V Corrector Drive (Fast)

H/V Corrector Error
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AC Voltmeter

Srid bkDSPSS5 ACYoltmeter.adl
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Example Of RTFB Data Recording: Beam Loss

6/24/10

_n

Horizontal M time-domain (y

-8

Power Supply Failed in 10C providing timing
to BPM processors in S38

BPM S38B:P5 (and others in S38) jumped in
position readback

This BPM was being used by RTFB

RTFB responded as witnessed by Corrector
Drive

MPS tripped causing beam loss

Heorizontal EFM time-domain (y

From MPS Dump Review
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Orbit Control

APS Real-Time Feedback System: BNL 8/12/2010, F. Lenkszus

29



Orbit Control (Datapool)

Attaches to RTFB reflective memory ring

— Has access to all RTFB data
e AllBPMS
¢ All 640 correctors (320/plane)

Uses SDDS tools sddsControllaw
— Runs under vxWorks on 10C
— Iterates at 10 Hz
DSP performs BPM Processing
— Digital Filtering
Corrector vectors written to Reflective memory
— RTFB DSPs write vectors to correctors
Orbit control uses
— Horizontal: Bpms — as many as possible — Correctors -2/sector
— Vertical: Boms — 2 or 3 per sector — Correctors — 2 or 3 /sector
Overlap compensation
— Minimizes “fighting” between Orbit Control and RTFB
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Datapool I0C (Orbit Control)

Reflective Memory Fiber
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Orbit Control (Datapool ioc)

dpCont.adl
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Datapool Live Displays

dpVectorDisplayC.adl
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Datapool Data Recording

dpCorrHistory.adl

_saHe | _Update | sammz _Update |
Records Last
128 values for
all correctors.

_swwe o Update| _smws o] Update |
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APS Up Grade

= RTFB will be upgraded as part of Orbit Stability improvement
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APS-Upgrade Beam Stability

50um  0.85urad 7.0 um 1.4 urad

Upgrade 3.0 um 0.5 urad 5.0 um 1.0 prad

Now 1.6 um 0.8 urad 5.0 um 2.5 urad

Upgrade 0.4 um 0.2 urad 1.0 um 0.5 urad

M. Borland et al., SPX Technical Study 7/27/10
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Upgrade to RTFB

= Sample Rate increased to 20 kHz
= Correction Bandwidth extended to 200 Hz
= 8 BPMs per axis per sector

— 320 BPMs per axis total

= Two correctors per axis per sector
— Not all sectors will have two fast correctors

= Algorithm to be implemented in FPGAs
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RTFB Upgrade Concept
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To Next Node

Control
To Correctors System To Correctors
Xmit Xmit Xmit " = n - = Xmit Xmit Xmit
Rcvr »- Xmit
From Next
Node X FPGA
Rovr  |—f Xmit ||
Reowr Revr Rcvr aEE Revr Recvr Revr
From BPMs From BPMs
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The End
Thank you
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